Abstract. Background and Aims: Hepatitis B virus (HBV) infection is a widespread disease affecting people worldwide. With more and more research on the deepening of the leptin, which suggested a close relationship between serum leptin levels and HBV. In this study, we explored the correlation between serum leptin levels and HBV through meta-analysis.
Introduction
Leptin is a protein hormone secreted by adipose and is composed of 167 amino acids [1] . In 1994, Zhang et al. [2] applied the method of directional cloning from obesity and abnormal glucose tolerance in mice to get its obesity gene, and the homologous sequences of human beings for the first time. Leptin has been found to play an important role in the hypothalamic metabolism-regulation center in many studies, which suppresses appetite, increases energy consumption, and influences fat synthesis and endocrine functions [3] . As a proinflammatory cytokine, leptin is involved in the modulation of the immune response [4] .
Hepatitis B virus (HBV) infection is a worldwide public health problem. The World Health Organization reported that two billion people suffer from HBV infection worldwide, and 240 million people are affected by chronic HBV infection [5, 6] .
Furthermore, HBV can lead to liver failure [7] , liver cirrhosis, and hepatocellular carcinoma (HCC) [8] . It is showing that HBV is a crucial risk factor for liver diseases and a serious threat to human health. Thus HBV deserves considerable attention.
Hepatitis B is caused by hepatitis B virus infection, the diagnosis mainly depends on the serum HBV markers detection. Some studies have reported an increase in serum leptin levels in HBV infection because of the action of inflammatory cytokines, adipose tissues, and phagocytosis of macrophages. In addition, leptin stimulates macrophages to secrete inflammatory cells, such as TNF-α, IL-6, and IL-12, which can promote liver degeneration and necrosis [9] . However, no differences in serum leptin levels were observed between HBV patients and healthy people in some studies [10] . Thus, we conducted this meta-analysis to estimate the association of serum leptin levels with both HBV patients and healthy controls.
Materials and Methods

Search Strategy
To identify all potentially relevant studies that investigated the association of serum leptin levels with HBV, we performed a systematic search in PubMed, Ovid, Embase, and Web of Science. In addition, the following Chinese databases were included: Weipu Journal, Chinese Biomedical, China National Knowledge Infrastructure, and WanFang Data. The following search terms were used: (Leptin or Lep or ob gene product or ob protein or obese gene product or obese protein) and (HBV or hepatitis B or hepatitis B virus or chronic hepatitis B or CHB). No language or publication status restriction was imposed.
Inclusion Criteria
The included articles satisfied the following criteria: (1) case-control, clinical cohort, or cross-sectional studies examining serum leptin levels between HBV patients and healthy controls; (2) detailed mean and standard deviation (SD) data of the serum leptin levels; and (3) publication year from 2007 to 2017. When a study was published more than once, all the data in the duplicate article were abstracted, and only one version of the articles was included in our study.
Exclusion Criteria
Studies with the following criteria were excluded: (1) contained conference abstracts, case reports, reviewed articles, and letter to the editor; (2) no reference to HBV and serum leptin levels; and (3) duplicated reports or studies on animals.
Study Quality and Data Extraction
Two reviewers independently reviewed and extracted the articles and assessed the methodological quality of the studies included by using the Newcastle-Ottawa Scale (NOS) [11] . The NOS scores ranged from 0 to 9, and a study was considered to present good quality at a score of ≥7. A standardized data form was used to collect the following descriptive information from the included studies: first author, publication year, journal, source country, language, study design, number of cases and controls, detection method, and data of leptin values (mean ± SD). Disagreements with regard to the data abstraction of the included studies were settled through discussion or reviewed by a third reviewer.
Statistical Analysis
Statistical analysis was performed using Review Manager5.3. The pooled SMD with 95%CI was calculated to evaluate the association between HBV patients and healthy individuals, and Z-test was used to determine the significance of the pooled SMD. Statistical heterogeneity within studies was evaluated using Cochran's Q test and I 2 test [12] . A fixed-effects model was used to determine whether heterogeneity exists among the studies (P>0.05 or I 2 <50%) [13] .Otherwise, a random-effects model was used. Sensitivity analysis was conducted by omitting the studies sequentially to evaluate the influence of single study on the overall estimate [14] . Additionally, Begg's test was performed using Stata/SE to detect potential publication bias [15] .
Results
Literature Search
A total of 567 potential relevant publications until 2017 were systematically identified through an electronic database search. After excluding the duplicates, the retrieved studies were screened on the basis of the title and abstract for relevance. Studies without HBV, animal tests, case reports, summaries, meta-analysis, and conferences were excluded. Among the screened studies, four were excluded via full-text screening because they contain irrelevant data. Overall, 16 studies were included in our meta-analysis. The flow chart of the article selection process is shown in Fig.1 . 
Study Characteristics
All eligible studies were compared. In these studies, 884 patients who had undergone HBV and 618 controls were incorporated into the current meta-analysis. The studies were published from 2007 to 2017. With regard to demographic variables, all of studies were conducted on an Asian population [10, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , except one study for Caucasian [30] . With regard to the detection methods of the serum leptin levels, 2 studies utilized a radioimmunoassay (RIA), and 14 studies performed an enzyme-linked immunosorbent assay (ELISA). With regard to the study design, one article presented a cross-sectional study and the rest were presented case-control studies. The basic characteristics of the studies are summarized in Table 1 . 
Quantitative Data Synthesis
In this meta-analysis, the HBV patients and healthy controls were analyzed using a random-effects model to determine the heterogeneity (P<0.00001, I 2 =93%). The results showed a significant heterogeneity between HBV patients and healthy controls. The included studies were then classified into subgroups by ethnicity (Asian population subgroup, P<0.00001, I 2 =93%), by study design (case-control study subgroup, P<0.00001, I 2 =84%), and by detection method (ELISA subgroup, P<0.00001, I 2 =93%; RIA subgroup, P=0.005, I 2 =87%). The results revealed statistical significant differences between HBV patients and healthy controls with regard to serum leptin levels. Compared with healthy individuals, HBV patients presented higher serum leptin levels according to the results of random-effects analysis, which pooled the SMD and 95%CI (SMD: 1.16, 95%CI: 0.72-1.59, P<0.00001) (Fig.2) . Ethnicity-stratified analysis results showed that HBV patients were associated with increased serum leptin levels in contrast to the healthy controls in the Asian population subgroup (SMD: 1.16, 95%CI: 0.69-1.62, P<0.00001) (Fig.3) . High serum leptin levels were observed in the case-control study subgroup according to the design-stratified subgroup analysis (SMD: 1.25, 95%CI: 0.91-1.59, P<0.00001) (Fig.4) . Furthermore, in the detection method-stratified subgroup analysis results, HBV patients in the ELISA subgroup presented high serum leptin levels (SMD: 1.16, 95%CI: 0.67-1.64, P<0.00001), and a similar correlation was observed in the RIA subgroup (SMD: 1.17, 95%CI: 0.14-2.20, P=0.03) (Fig.5) . 
Sensitivity Analyses and Publication Bias
Sensitivity analyses were conducted by omitting individual studies sequentially. The results of the pooled SMD indicated that no material change in the meta-analysis. In some conditions, the P value or I 2 value for the heterogeneity decreased. Publication bias among the studies was evaluated using Begg's test, and the results indicated a symmetrical distribution of the funnel plot, indicating no publication bias between the serum leptin levels of the HBV patients and those of healthy controls (P=0.224>0.05).
Discussion
HBV is a clinically common disease. Thus, one of the main objectives of clinical research on HBV is to obtain a clear and reliable result that can be used as a basis for clinical diagnosis in patients. Numerous studies have explored the relationship between serum leptin levels and HBV. However, such clinical trials did not yield reliable and consistent results. For many individual studies, the sample was extremely small, and the results were inconclusive. A meta-analysis circumvents the limits of a single sample clinical trial and produces comprehensive and reliable results, which can serve as a good basis for medical decisions in patients.
In recent years, an increasing number of clinical trials have focused on the relationship between leptin and HBV. As an inflammatory mediator, leptin can affect various physiological processes and immune responses and can mediate T cells immune to hepatitis [31] . In this meta-analysis, we retrieved 16 studies to investigate the association between serum leptin levels and HBV. Our data showed a significant difference between HBV patients and healthy controls. And some studies which were included showed that serum leptin levels in females were higher than those in males (Fig.6) . Several limitations were also considered in the present study. First, we detected apparent heterogeneity in the included studies, which were selected strictly by inclusion criteria. All included studies were conducted on different areas; thus, their diagnoses were different, and their eligible patients presented significant individual differences. Meanwhile, partial studies were not homogeneous with BMI, age, and other influencing factors between the HBV patients and healthy controls. Therefore, the heterogeneity among the included studies was high. Second, studies with positive results were more likely to be accepted by journals than those with negative results. To some extent, the lack of negative results could have affected the results of the present study [32] . Third, most studies included used a small sample size of HBV patients and healthy controls. Hence, the results of these studies that would be used in the meta-analysis must be interpreted cautiously. Fourth, the approximation numbers were in partial data. Thus, it may be biased compared with the actuality. Fifth, we included only three studies on Caucasian population; thus, the data on Caucasian subjects were inadequate.
Overall, the results of this meta-analysis represent the most robust estimate for the effect of serum leptin levels on HBV patients, showing that a high level of serum leptin is associated with HBV. In addition, this meta-analysis warrants further clinical investigations with well-designed and large case-control studies for the identification of the role of leptin in the development of HBV.
